Simultaneous analysis of morphological and molecular characters from the 16s rDNA, 28s rDNA and cytochrome oxidase 1 genes was employed to resolve phylogenetic relationships among the apocritan (Insecta: Hymenoptera: Apocrita) wasps. Parsimony analyses, employing a broad range of models, consistently recovered the Proctotrupomorpha as a natural group, the Megalyridae and Trigonalidae as sister groups, a clade comprising the Monomachidae, Diapriidae, and Maamingidae, the Vanhorniidae and Proctotrupidae as sister groups, the Proctotrupoidea as polyphyletic, and the Evaniomorpha as a grade (but including the Ichneumonoidea, Aculeata, and Stephanidae). The Proctotrupomorpha, containing virtually all of the wholly endoparasitic lineages, was consistently recovered as an apical clade, with the remaining groups forming a paraphyletic grade below them. Although the relative placement of the groups forming this basal grade varied among analyses, the most commonly recovered arrangement is consistent with the ancestral biology being ectoparasitism of coleopteran, wood-boring larvae. Furthermore, the recovery of the ectoparasitic-containing proctotrupomorphs (Chalcidoidea and, in some analyses, Ceraphronoidea) as apical lineages argues that these biologies are reversals. 
INTRODUCTION
Robust phylogenies provide a framework for understanding the evolution of complex biologies. Parasitism is one such biology that has evolved independently within a number of insect orders, Of these, the parasitic Hymenoptera (wasps) comprise the vast majority of species, numbering in excess of several hundred ~ * Corresponding author. E-mail: mdowton@uow.edu.au thousand, although probably less than 25% have so far been described (LaSalle & Gauld, 1993) .
The single origin of parasitism evident in the Hymenoptera (Rasnitsyn, 1988; Whitfield, 1992; Vilhelmsen, 1997) , together with the large number of parasitic wasps compared with their non-parasitic sister group (the sawflies) argues that a massive adaptive radiation occurred with the biological transition from phytophagy, the ancestral biology of the order, (Rasnitsyn, 1980; Vilhelmsen, 1997) to parasitism (Wiegmann, Mitter & Farrell, 1993) . This radiation is also evident in the diversity of lifestyles displayed by the parasitic wasps: they utilize virtually every insect order as well as arachnids as hosts; they can be ectoparasitic (feed externally), endoparasitic (feed internally), solitary (one parasitoid per host), gregarious (many parasitoids per host), hyperparasitic (feed on other parasitoids), idiobiontic (permanently paralyze their host thus altering its development), koinobiontic (allow host development to continue), among other variants of the parasitic lifestyle.
Although much effort has been directed a t discovering the sequence of evolutionary transitions that has led t o this diversity of parasitic lifestyles among the Hymenoptera, there has thus far been little success at producing a robust phylogeny for the parasitic wasps (Rasnitsyn, 1980 (Rasnitsyn, , 1988 Whitfield, 1992; Dowton & Austin, 1994; Dowton et al., 1997; Carpenter & Wheeler, 1999; Ronquist et al., 1999) . This contrasts with the now clear picture that has emerged in recent years for the relationships among the various sawfly groups based exclusively on morphological data (e.g. Vilhelmsen, 1997 Vilhelmsen, , 2000 . For the apocritan wasps, morphological and molecular datasets disagree in detail (see Whitfield, 1998 , for an overview), with neither yielding convincing evidence based on the conventional measures of bootstrap support (Felsenstein, 1985) or bremer indices (Bremer, 1988) . The most likely reasons for the instability of previous phylogenetic estimates is either insufficient taxonomic sampling, insufficient characters, or a combination of these two (Poe & Swofford, 1999) . In the present study, we dramatically increase both the density of taxonomic sampling for the Apocrita. and the number of characters analysed. Largely. the present study aims to resolve relationships among the various parasitic groups, particularly among the Proctotrupomorpha, Evaniomorpha (sensu Rasnitsyn, 1988) and several small families. We have not concentrated on relationships within the Chalcidoidea, Ichneumonidae, or Aculeata (which includes the predatory wasps, ants and bees) as these groups are demonstratably monophyletic (e.g. Gibson, 1986; Sharkey & Wahl, 1992; Brothers & Carpenter, 1993; Campbell et al., 2000) based on extensive morphological and/or molecular evidence. Rather, we have sought to determine their likely sister groups. Our data recover certain, but by no means all, apocritan relationships across a range of analytical models. As such, the current study broadly identifies the phylogenetic organization of the Apocrita, and represent our best current estimate of the relationships of this group.
MATERIAL AND ANALYTICAL STRATEGIES TAXONOMIC SAMPLING
The taxa sampled are listed in Table 1 . The outgroup comprised three symphytan exemplars from taxa postulated as closely related t o the Apocrita (Rasnitsyn, 1988; Vilhelmsen, 1997) . In order to represent the Apocrita more completely compared with our previous molecular studies (Dowton et al., 19971, taxonomic sampling was more than doubled [84 apocritan taxa sampled here, compared with 35 in Dowton et al., 19971 . Further, taxonomic coverage was significantly improved, particularly within the Proctotrupoidea, with representatives from all 13 recognized apocritan superfamilies (and 36 families) included. More importantly, previous studies included some groups containing only apically derived representatives, whereas care was taken to include, where known, basally derived members in the present study. Examples of this include the Chrysidoidea from the Aculeata (Brothers & Carpenter, 1993) , and the Mymaridae from the Chalcidoidea (Gibson, 1986) . Nevertheless, future examinations of the Apocrita may benefit from a broader sampling of aculeates, chalcidoids, and ichneumonids.
SEQUENCE GENERATION
Prior assessments of apocritan phylogeny were based on a single gene fragment [16S rDNA (16s): Dowton & Austin, 1994; Dowton et al., 19971 . Sampling multiple genes from distinct subcellular compartments is likely to improve phylogenetic accuracy (e.g. Wheeler, Cartw i g h t & Hayashi, 1993). In the present study, portions of the mitochondria1 16s and cytochrome oxidase 1 (COI) , and the nuclear 28s rDNA (28s) genes were amplified as previously described (Dowton & Austin, 1995 , 1998 . As indicated in Table 1, amplifications were not successful for some gene fragments in isolated taxa (e.g. the 16s gene in Stephanidae). These were coded as missing data, and accounted for c. 1Oo/o of the total molecular dataset. No taxa were included that were missing data for more than one gene portion. All newly generated sequences have been deposited in GenBank, under accession numbers AF379 857-AF380 03 1.
SEQUENCE ALIGNMENT
There are a range of options for aligning nucleotide sequences that can be broadly categorized as distancebased, parsimony-based and those utilizing information on secondary structure. Methods that successively align sequences in an order determined by an initial pair-wise similarity estimate [such as Clustal; Thompson, Higgins & Gibson (1994) l were not used because of the wide range of alignments produced depending on the gap, gap open and gap extension penalty costs used, with no obvious justification for choosing one alignment over another. Parsimony-based alignments [e.g. MALIGN: Wheeler & Gladstein (1994) ; POY Wheeler (1996) ] are, in our hands, too processor-intensive to be effective for a dataset of this size. It is difficult 
t o be confident of finding the shortest trees with an aligned dataset comprising more than 20 taxa (e.g. Swofford et al., 1996) ; it must therefore be more difficult to find the shortest tree when the length and the relative alignment of sequences can be varied during tree-searching. Secondary-structure-based alignments are possible for 16S, and we have used these in previous studies [e.g. Dowton & Austin (1994) l. Such models identify stem and loop regions, permitting the alignment of putatively homologous structures. However, in our experience, the stem regions can be trivially aligned by eye due to conserved primary sequence homology, while the secondary-structure model cannot help with the alignment of the length-variable loops.
No generally applicable model for the 28s gene is available, and, in our experience (and that of others, e.g. Belshaw & Quicke, 1997; Campbell et al., 2000) , the hymenopteran 28s secondary structure is too variable for this to be an effective strategy. For these reasons, we have chosen a conservative approach to sequence alignment, limiting the dataset to just those portions of the genes for which alignment is straightforward; i.e. removing length-variable regions (as described by Swofford et al., 1996) . Although this will undoubtedly remove some information, it focuses the analyses on confident statements of character homology. We would rather sequence additional genes to increase the informational content of our dataset than base our analyses on questionable areas of alignment. The sequence alignments can be downloaded from http j//www. waite. adelaide .edu. aufinsects.
PHYLOGENETIC ANALYSIS
Similarly there are a range of available options for phylogenetic analysis. Distance-based methods, besides producing phenetic estimates of evolutionary relationship, perform poorly (e.g. Hillis, Huelsenbeck & Cunningham, 1994) . Maximum parsimony and maximum likelihood are both philosophically justifiable, and either may be more or less appropriate for a particular dataset. A reasonable strategy is to analyse the data employing both methodologies, considering those relationships that are consistently resolved as robust. However, there are practical limitations when using maximum likelihood. Besides being computationally intensive (particularly for large datasets), multiple data partitions must be analysed under a single model of nucleotide evolution. We have documented the extreme composition and rate biases in the mitochondria1 genes of certain hymenopteran groups (Dowton & Austin, l995,1997a,b) , properties not evident in hymenopteran nuclear genes (e.g. Dowton & Austin, 1998; Belshaw et al., 2000) . Thus, genes from these two subcellular compartments may demand distinct models of analysis. Further, maximum likelihood cannot yet be used to analyse combined molecular/ morphological datasets, which is the ultimate aim of this study. Maximum parsimony was performed using PAUP v. 4.0b4a (Swofford, 1999) . Three symphytan representatives (Hartigia, Xiphydria, Orussus) were specified as outgroup taxa. The shortest trees were found by heuristic search, adding taxa randomly (100 replicates), holding a maximum of 5 trees in memory (i.e. addseq =random nreps = 100 nchuck = 5 chuckscore = 1). Preliminary analyses, with 200 random replicates, indicated that this was generally a sufficiently intensive search strategy. Nevertheless, it remains possible that some searches did not discover all shortest trees.
Due to the molecular evolutionary idiosyncracies referred to above, we also analysed the molecular data using six-parameter parsimony [initially described by Williams & Fitch (1990) , and adapted by Cunningham (1997) and Stanger-Hall & Cunningham (1998)], with different models defined for each data partition. Sixparameter parsimony applies different costs to the six different substitution classes (A+&, C-T, A-T, A-C, CHG, G-T) according to their inferred frequencies, which were estimated as described by Stanger-Hall & Cunningham (1998) . Briefly, the shortest tree was found by unweighted parsimony, and used to estimate the frequency of substitutions, based on maximum likelihood analysis using the general time-reversible model, as this considers both unequal base composition and multiple substitutions. The values estimated for each molecular partition are presented in Table 2 . It was not possible to calculate paramaters for the COI 3rd codon position (COI-3) partition due to the extremely high number of inferred AT-transversions.
In order to guard against arriving at phylogenetic conclusions overly reliant on such 'parameter-rich' models, we also performed analyses using a range of 'simpler' models (such as unweighted parsimony) in order to discover those relationships robust to the model of analysis, The range of models assessed is described in Table 3 . Thus, we assessed the robustness of the results by identifying those relationships that were resilient t o changes in the analytical model (i.e. All characters included, and treated as unordered COI-3 excluded, all remaining treated as unordered COI-3 excluded, individual six-parameter step matrices applied to each remaining partition As for GP, except that character weights varied to reduce bipartition incongruence (character weights used were 28s: 16s: COI-1: COI-2=2: 1: 1: 1) All morphological characters treated as unordered Certain morphological characters treated as ordered, as described in Ronquist et al. (1999) sensitivity analysis, sensu Wheeler, 1995) . We did not assess support using the bootstrap procedure (Felsenstein, 1985) , as support declines with increased taxonomic sampling (Sanderson & Wojciechowski, 2000) , particularly for large datasets such as the one analysed here. We similarly did not assess support using the bremer index (Bremer, 1988) , as these are not comparable between datasets analysed under different assumptions, becoming inflated in analyses employing, for example, six-parameter parsimony and/or ordered morphological characters.
ASSESSMENT OF PAWTITION HETEROGENEITY There is controversy surrounding the combination of data partitions, particularly when judged incongruent. In our experience, nuclear and mitochondrial hymenopteran gene phylogenies are generally judged incongruent (e.g. see Belshaw et al., 2000) , but this may be due to the different mutational biases operating in these two subcellular compartments (see above, under 'Phylogenetic analysis'). Furthermore, such heterogenous datasets are precisely the ones that, when combined, are most likely to recover phylogeny accurately-the phylogenetic patterns to emerge from such analyses will reflect their common history, rather than the selective pressures (e.g. towards a high ATcontent in mitochondrial genes) that have shaped the evolution of characters from a single subcellular compartment (Wheeler et al., 1993) . Our preference is that data partitions should always be combined, unless there is compelling evidence that the datasets have distinct histories. Instead, we used the results of partition heterogeneity tests to refine our six-parameter parsimony models. Generally, partition heterogeneity was assessed using the Incongruence Length Difference test [ILD; Farris et al. (1994) l as invoked using PAUP v. 4.Ob4a (Swofford, 1999) . For these tests, the search settings were; addseq =random nreps = 5 nchuck = 2 chuckscore = 1.
MORPHOLOGICAL DATAMATRIX We used the recently published morphological datamatrix generated by Ronquist et al. (1999) , available electronically at httpj//www.zoologi.uu.se/systzoo/staff/ ronquist/Hymenoptera.txt. Characters are coded at the family level, with polymorphic families coded as the most likely ground-plan state where possible (see Konquist et al., 1999 , for a discussion). We did not include a hypothetical ancestor, contra Ronquist et al. (1999) , because our study focuses on apocritan relationships, whereas these authors employed a hypothetical ancestor to root the tree for the whole order. Instead, we used the morphological coding for the three outgroup symphytan families (Cephidae, Xiphydriidae and Orussidae) for which we had molecular data to root the apocritan analyses. To facilitate combination of these two datasets, we removed families from the morphological matrix for which we did not have molecular data, and duplicated families where we had multiple representatives (i.e. terminal taxa from the same family were coded identically). Lifestyle transitions were mapped onto apocritan cladograms using MacClade v. 3.06 (Maddison & Maddison, 1996) . ON THE EXCLUSION OF COI-3 DATA Among taxa separated by long periods of evolutionary history, molecular positions that are relatively free from selective constraints are likely to have suffered multiple, hidden substitutions. There is controversy concerning whether such positions should be included in phylogenetic analyses. Some argue that such positions provide information at apical nodes, and random noise at deeper levels (e.g. Kallersjo, Albert & Farris, 1999) , whereas others claim that they provide misleading signal due to non-random noise, grouping together taxa with, for example, convergently shared compositional bias (e.g. Huelsenbeck & Nielsen, 1999) . In our opinion, such 'noisy' characters tend to be excluded a priori from morphological datasets, because only characters perceived to be of low variability among the groups to be studied are chosen. Similar exclusion of highly variable molecular characters is necessarily more overt, because they are collected along with the less variable characters when gene fragments are sequenced. Figure 1 . Saturation analysis of molecular character partitions. Pairwise uncorrected and corrected distances were estimated using PAUP v. 4.0b4a (Swofford, 1999) , using the HKY85 (Hasegawa, Kishino & Yano, 1985) model to correct for multiple substitutions. Uncorrected distances were then plotted on the X-axis, corrected distances on the Y-axis. The extent of hidden substitutions is indicated by the distance of the points to the right of the diagonal line.
There are accepted methods for identifying molecular character sets that have suffered multiple, hidden substitutions. Corrected and uncorrected pairwise sequence differences are estimated; character sets that differ significantly in these two measures have presumably undergone sufficient hidden substitutions for their phylogenetic utility to become questionable. Such a 'saturation' analysis is presented in Figure 1 . In line with expectation, the character set most free to vary (COI-3) is the most saturated, with corrected pair-wise differences departing markedly from uncorrected estimates. For this reason, we investigated the effect of excluding this data partition in some analyses, as part of our investigation into the robustness of the inferred phylogeny.
RESULTS AND DISCUSSION

ANALYSIS OF MOLECULAR PAWITION HETEROGENEITY
We recognized five molecular partitions: 16S, 28S, and COI 1st and 2nd codon positions (COI-1 and COI-2) and COI-3. Table 4 lists the bipartition heterogeneity (ILD) scores for all pairwise comparisons, excluding those involving COI-3, both before and after generation of substitutional cost-matrices as outlined by StangerHall & Cunningham (1998) , wherein separate costs are given to each of the six possible substitutions based on the log of their inferred frequency. Low ILD values (suggesting incongruence) were evident between many of the partitions when analysed under equally weighted parsimony (Table 4 , column 1). The effect The molecular data were analysed under a range of models. which are described in Table 3 . There are a range of evolutionary models that can be applied t o these data, and the choice of those presented here was made to reasonably represent the breadth of possibilities -from the simplest (all character changes weighted equally. or 'unordered') to the most parameter-rich (with separate six-parameter step-matrices applied to each molecular partition). Strict consenses of the most parsimonious trees found from each of the analyses described in Table 3 are presented in Figures  2-5 . Below, we briefly discuss the robustness of the molecular analyses to changes in the model. A more complete discussion is presented after inclusion of the morphological data. The most robust higher level relationship resolved by analysis of the molecular data was Rasnitsyn's (1988) I'roctotrupomorpha, including the Chalcidoidea, Cynipoidea, Platygastroidea and Proctotrupoidea. Nevertheless, the Heloridae (Proctotrupoidea) were only recovered inside the Proctotrupomorpha in analyses employing six-parameter parsimony (6P) (Figs 4 and 5). In unordered analyses, they generally fell out as the sister group to the Evaniidae (Figs 2 and 3) . Within the Proctotrupomorpha, the Chalcidoidea and Platygastroidea were generally recovered as sister groups (Figs 3-5) ; the Vanhorniidae were always recovered as the sister group to the Proctotrupiclae; and the Monomachidae, Diapriidae, and Maamingidae were always recovered as a clade. The placement of the Cynipoidea was the most variable, although they were always recovered as part of the Proctotrupomorpha. This contrasts with our previous molecular analysis, which recovered the Cynopoidea outside the Proctotrupomorpha (Dowton et al., 1997) , but is curiously consistent with an earlier analysis employing fewer taxa (Dowton & Austin, 1994) .
The Proctotrupoidea (included families listed in Table I ), were not recovered as a monophyletic group in any molecular analysis. Ignoring the misplacement of the Heloridae, they were generally recovered as a grade, but then disrupted by the inclusion of the Cynipoidea (Figs 3,4) . The only analysis in which they were recovered as a grade excluding the Cynipoidea, and including the Heloridae, was in the 6Pwts analysis (Fig. 5) .
The Ichneumonidae and Braconidae were not always recovered as sister groups, and only strictly so in the 6Pwts analysis (Fig. 5) . Analysis of single gene fragments indicated that 28s data generally supported this affiliation, whereas 16s did not (data not shown).
We attribute this to the very different AT-content of ichneumonid and braconid mitochondrial genes. Braconid mitochrondrial genes have the highest AT-content of all Apocrita, and ichneumonids the lowest. In addition, the Aculeata were not recovered close to either the braconids o r the ichneumonids, contra Rasnitsyn (1988) and our previous molecular analyses (Dowton & Austin, 1994; Dowton et al., 1997) . Generally, the Aculeata were recovered among a clade with the Stephanidae, Megalyridae and Trigonalidae [Figs 3-0; i.e. a subset of Rasnitsyn's (I 988) Evaniomorpha].
Rasnitsyn's (1988) Evaniomorpha were not recovered as a clade, contra our prior molecular analysis (Dowton et al., 1997) . At best, they were recovered as a grade in the 6P:wts analysis (Fig. 5) , but generally were disrupted by the presence of the Braconidae and/ or the Ichneumonidae among them. Nevertheless, the Ceraphronoidea were always recovered outside of the Proctotrupomorpha, in agreement with our previous analyses, and contra Ronquist et al. (1999) . Within the 'evaniomorph' families, the Megalyridae were always recovered as the sister group to the Trigonalidae. Further, the Stephanidae were generally closely affiliated with the Megalyridae and Trigonalidae, but never as the sister to all remaining Apocrita as postulated by studies post-Rasnitsyn (1988) (see Whitfield 1998 , for review) (Figs 3-5 Rasnitsyn's (1988 data) ] applied to resolve hymenopteran relationships. In their study, some characters are treated as ordered. Although they argued that they investigated "common assumptions of the way that morphological characters evolve", they did not present the range of analyses initially suggested, including those with losses treated as irreversible. In the present study we investigated just two alternative models: treating all characters as unordered, and treating those characters as ordered that were so indicated in their character list. Figures 6-9 are analyses in which all morphological characters are treated as unordered, with molecular data treated under the range of models outlined in Table 3 , while Figures 10-13 are analyses in which some morphological characters are treated as ordered, with molecular data again treated under the range of models outlined in Table 3 . Below, we summarize the relationships recovered under this range of analyses. The Proctotrupomorpha sensu Rasnitsyn (1988) were generally recovered as a clade (10) (11) (12) , except in those analyses in which the mitochondrial partitions were downweighted (Figs 9, 13) . In all analyses, the Heloridae were recovered inside the Proctotrupomorpha, in contrast to the molecular analyses. The Ceraphronoidea were only recovered inside the F'roctotrupomorpha (i.e. as resolved by Ronquist et al.
1999) in those analyses in which the mitochondrial partitions were downweighted. Thus, the position of the Ceraphronoidea was sensitive t o the model of the analysis. In contrast to this, the clade comprising the Diapriidae, Monomachidae and Maamingidae were always recovered regardless of the model employed (Figs 6-13), as were the Vanhorniidae +Rocto-trupidae. We previously reported a close relationship between the Vanhorniidae and Proctotrupidae (Dowton et al., 1997) , with the Vanhorniidae inside the Proctotrupidae. The more extensive character sampling presented here suggests that these two families should remain distinct. The resolution of the sister group relationship between the Chalcidoidea and Platygastroidea was robust to the addition of morphological characters in some analyses (Figs 7-8, 11-12) , generally when the COI-3 partition was excluded (Figs 7, 11) or when six-parameter parsimony was used (Figs  8, 12 ). In the remaining analyses, this sister group relationship was disrupted by either the Cynipoidea (Figs 6, 10, 13 ) or the Ceraphronoidea (Fig. 9) . As in the molecular analysis, the Proctotrupoidea were not recovered as a natural group in any of the combined analyses.
In contrast to the molecular analyses, the Ichneumonoidea were always recovered as a natural group (Figs 6-13) in combined analyses, although their relative placement to other Apocrita varied. The Aculeata were never recovered as the sister group t o the Ichneumonoidea, contra Rasnitsyn (1988) and our previous molecular analyses (Dowton & Austin, 1994; Dowton et al., 1997) . Instead, the aculeates were generally recovered as a relatively basal apocritan lineage (e.g. Figs 7-9, 11-13) . Intriguingly, the recent analysis of extant morphological data similarly recovered the aculeates basally [ fig. 7 in Ronquist et al. (1999) ]. We do not consider that the placement of the aculetes in the present study is due to the sole influence of morphological characters, as molecular characters also placed them relatively basally (Figs 2 4 ) .
With respect to the families comprising the Evaniomorpha sensu Rasnitsyn (1988) , the Megalyridae were generally recovered as the sister group to the Trigonalidae (Figs 7-10, 12) . The relative placement of the Stephanidae was sensitive to the model of analysis but were generally recovered close to the Megalyridae and Trigonalidae. The Evaniidae + Gasteruptiidae (i.e. Evanioidea) were rarely recovered as a natural group (Figs 7, 9, 13 ).
BIOLOGICAL TRANSITIONS AMONG THE APOCRITA
The strategy of assessing phylogeny across a range of analytical models makes mapping biological transitions difficult, particularly because many relationships are sensitive to the model of analysis. In particular, the lack of robustness of the basal lineages of the Apocrita make inferring the groundplan biology problematic. Nevertheless, certain higher level consistencies allow us to make some broad conclusions. A consistent aspect of all analyses was the resolution of the Proctotrupomorpha as a natural, derived group, leaving aside for the moment the questionable placement of the Ceraphronoidea. Further, the remaining (i.e. non-proctotrupomorph) superfamilies were generally recovered as a grade below them (see Fig. 3 for the only exception), rather than as a sister clade. This suggests that certain of Rasnitsyn's Evaniomorpha, the Ichneumonoidea and the Aculeata form a basal grade in the Apocrita. Of the combined analyses, the most consistent basal lineages are the Stephanidae (often affiliated with the Megalyridae + Trigonalidae), Ichneumonoidea and the Aculeata (e.g. Figs 7, 10, 12 ).
Although intuitively little could be concluded from such a broad assemblage, it has been pointed out that the basal lineages of each of these groups are ectoparasitic (Fig. 14) on wood-boring coleopteran larvae (Whitfield, 1992;  Fig. 15) . Specifically, the Stephanidae, Ichneumonidae and Scolebythidae (Aculeata) contain members that exhibit this biology. The Figure 14 . Transitions between ectoparasitism and endoparasitism during the evolution of the Apocrita. Groundplan biologies for. the included families were mapped onto the cladogram presented in Figure 8 (reduced to a family-level cladogram). We do not consider this a preferred phylogeny, but one that retains many of the relationships identified as robust to the method of analysis. Note that the Chalcidoidea are coded as endoparasitic. Although they contain many ectoparasitoids, the putative basal lineages are egg endoparasitoids. The Megalyridae were coded as ectoparasitic (ShLiw. 1990)> while the Ceraphronoidea were coded as ectoparasitic based on the biology of Megaspilidae (Gauld & Bolton, 1996) .
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Trigonalidne is the only group which departs from this pattern in that its members have an unusual biology where eggs are deposited onto foliage and are then ingested by larval caterpillars or sawflies (Weinstein & Austin. 1991) . Furthermore, the remaining basal lineages (the Evanioidea and Megalyridae) have biologies closely aligned with the putative groundplan. The hulacidae (Evanioidea) are endopararasitic on wood-boring beetle larvae, while the Megalyridae attack xylophagous, coleopteran larvae. Nevertheless, we wish t o stress that the transitions depicted in Figures 1-1 and 15 do not represent our 'preferred hypothesis', but exhibit a range of relationships that were relatively robust to the choice of analytical model. LVhere resolved, the basal lineages of the F'roctotrupomorpha are generally endoparasitic (Figs 4-8, 10-13; mapped in Fig. 14) . This is primarily because the only superfamily within the Proctotrupomorpha to contain ectoparasitoids are the Chalcidoidea, which was always recovered apically. The Ceraphronoidea also contain ectoparasitoids, and similarly fell out apically when recovered within the Proctotrupomorpha (Figs 10-1 3 ) , although our molecular data and recent general assessment of the Ceraphronoidea (see Whitfield, 1998) argue strongly for this group being placed outside the Proctotrupomorpha. These findings suggest that endoparasitism is the groundplan state for the Proctotrupomorpha, with a reversion to ectoparasitism within the Chalcidoidea. Indeed, the extant basal lineages of the Chalcidoidea s. 1. (Mymarommatoidea and Mymaridae: Gibson, 1986; Campbell et ul., 2000) are endoparasitoids. Although such a reversion is generally considered controversial (see Whitfield, 1998),
we have documented similar phylogenetic evidence for a return to ectoparasitism among the Rraconidae (Dowton & Austin, 1998) . We would argue that parsimony should be allowed to arbitrate the groundplan biology for the Proctotrupomorpha, rather than intuition. Further, within the Proctotrupomorpha one of the most intriguing biological scenarios comes from the sister group relationship between the Platygastroidea and Chalcidoidea predicted by our molecular data, which are arguably more robust that the available morphological data (but see Gibson, 1999) . In this scenario, the likely ground-plan state for this clade is
